09/06/95 


11:08 


DUKE  UNIU  SPONSORED  PROGRPMS 


003 


REPORT  DOCUMENTATION  PAGE 


form  Approvtd 
OMd  No.  0T0d'QJ8B 


-c  •v*a**'  'C'  tcvc%*wi  M  •%  \  Aowf  ocf  rrM»o««Mr.  tnitva»«^  ^^r  i«<«f  »Or  rrv»cw»«9  tn^iruatCAt.  tccrcfunq  04i®  wurcn 

I®®  «»ia  «na  ••*€  »cv<**i***o  tnr  ^'OM^^lOA  ol  inlormanon  ^rrwi  «CKw»wrmi  rvoarotn^  tn\\  wtOffi  O*  €ft»  OIW  avoecil  O’ 

€J***rt*Ofc  V  H{tva*n J  #Mwc»A9  IKw  owp®®-  i®  A^tnmqi&n  •ttMCk**rle(«  Wrvtccit.  OtftOOral®’  fof  miormaiio®  Onrvauofn  anrt  Afporii,  w  »>  »«-t«rpwn 

UCa  VA  «mlla  |Af  >T  M«Aa9®m®Al«ndawd9CV,  ^aoarwrprK  A«dv<t«0nrre|t<l^y0«<OlM>.W»«l«(f«9io<^  OC  JDM3> 


Z,  REPORT  DATE 

July  8, 1991 


I.  AGENCY  USE  ONLY  ILe*ve  bitnki 


*  "KWf  kiremm'f&c.  1988 


4.  TITLE  AND  SUBTITLE 

THE  SYNTHESIS  AND  CHARACIIERIZATION  OF 
GALUUM-ARSENIC  MONOMERS,  CHAINS. 
CYCLES,  AND  CLUSTERS 


«.  AUTHOmSl 


5.  FUNDING  NUMBERS 


N00014-83-K-0572 
R&T  Project  4 135008 


RichaidL.  Wells 


7.  rERFORMING  ORGANIZATION  NAM£(S)  AND  AOORESS(ES) 

Department  of  Chemistry 
Duke  University 
Durham,  NC  27706 


«.  PERFORMING  ORGANIZATION 
RfrORT  NUMBER 

Final  Report 
DU/DCyFR-1988 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  AODRESS(ES) 


OfOce  of  Naval  Research 
300  North  Quincy  Street 
ArUngton,  VA  22217-5000 


10.  spOnsOring/monitoring 
AGENCY  report  NUMBER 


aQ 


11.  SUPPUMENTARV  NOTES 


1Z«.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 


Approved  for  Public  Release 
Distribution  is  Unlimited 


13.  ASSTRACT  (hAs^iinufn  200  worai) 

Aldiough  gallium  arsenide  is  widely  studied  because  of  its  imponance  in  semiconductor  technology,  and 
there  is  th&expectation  that  the  gallium  arsenic  bond  in  polymeric  form  will  exhibit  interesting  electronic 
properties,  there  had  been  a  paucity  of  knowledge  regarding  even  the  most  simple  gallium-arsenic 
compounds.  The  latter  is  exemplified  by  the  fact  that  when  we  initiated  our  program  in  organogallium- 
arsenic  chemistry  in  1983,  the  latest  report  of  any  activity  in  this  area  was  in  1965.  During  the  time  this 
contract  was  active,  we  prepared  a  number  of  new  gallium-arsenic  compounds  using  the  method  of 
Coates  (<•£->  "alkane"  elimination)  and  also  applied  two  new  methods  of  synthesis.  These  methods  are 
dehalosilylation  between  a  silylarsine  and  a  halogallane,  and  coupling  using  a  lithium  arsenide  and  a 
balogallane.  Among  the  compounds  prepared  are  the  first  examples  of  bis-  and  tris(arsino)gallanes,  a 
novel  gallium-arsenic  cluster,  and  the  first  monomeric  iricoordinate  tris(arsino)gallane,  the  first  gallium- 
arsenic  compound  containing  a  single  Ga3As  unit,  and  the  first  organogallium  four-membered  ring 
compound  with  arsenic,  halogen  mixed-bridging.  Dynamic  NMR  studies  of  two  of  the 
bis(arsino)gallanes  showed  they  have  novel  fiuxional  properties.  In  addition,  we  successfully  used 
dehalosilylation  reactions  to  prepare  gallium  arsenide  and  indium  arsenide. 


14.  SUBJECT  TERMS 


DTia  QUALITY  INSPECTED  8 


gallium-arsenic  compounds, 
synthesis,  crystal  structures 


19.  NUMBER  OF  RAGES 


1 16.  RHICE  CODE 


1  CLASSIFICATION  I  19.  SECURITY  CLASSIFICATION  I  20.  LIMITATION  OF  ABSTRACT  I 

OF  RERORT  OF  THIS  PAGE  OF  ABSTRACT  I 


I  Unclassified 

NSN  7Sa0-0i-Z89-9S00 


Unclassified 


Unclassified 


I  Unlimited 

Standard  f^orm  290  (Rev  2 -09) 
m-’o? 


OFHCE  OF  NAVAL  RESEARCH 


Contract  #  N00014-83-K0572 
R&T  Project  Code  #  4135008 


Final  Report 


THE  SYNTHESIS  AND  CHARACTERIZATION  OF  GALLIUM-ARSENIC 
MONOMERS,  CHAINS,  CYCLES,  AND  CLUSTERS 


Submitted 


Accesion  For 


by:  Dr.  Richard  L.  Wells 
Principal  Investigator 
Department  of  Chemistry 
Duke  University 


Durham,  NC  27706 

Availability  Codes 

Avail  and/or 

Dist 

Special 

July  8,  1991 

B± 

NTIS  CRA&I 
DTIC  TAB 
Unannounced 
Justification 


□ 


By _ 

Distribution/ 


Reproduction  in  whole  or  in  part  is  permitted  for  any  purpose 
of  the  United  States  Government 

This  document  has  been  approved  for  public  release  and  sale; 
its  distribution  is  unlimited 


2 


Final  Report  for  Contract  #  N00014-83-K0572,  R&T  Project  Code 
#  4135008  (August  1,  1983  -  December  31,  1988)  entitled: 
"THE  SYNTHESIS  AND  CHARACTERIZATION  OF  GALLIUM-ARSENIC 
MONOMERS,  CHAINS,  CYCLES,  AND  CLUSTERS" 


1.0  Summary 

Although  gallium  arsenide  is  widely  studied  because  of  its 
importance  in  semiconductor  technology,  and  there  is  the  expectation  that 
the  gallium  arsenic  bond  in  polymeric  form  will  exhibit  interesting 

electronic  properties,  there  had  been  a  paucity  of  knowledge  regarding 

even  the  most  simple  gallium-arsenic  compounds.  The  latter  is 
exemplified  by  the  fact  that  when  we  initiated  our  program  in 

organogallium-arsenic  chemistry  in  1983,  the  latest  report  of  any  activity 
in  this  area  was  in  1965.  During  the  time  this  contract  was  active,  we 
prepared  a  number  of  new  gallium-arsenic  compounds  using  the  method 
of  Coates  (i.e.,  "alkane"  elimination)  and  also  applied  two  new  methods  of 
synthesis.  These  methods  are  dehalosilylation  between  a  silylarsine  and  a 
halogallane,  and  coupling  using  a  lithium  arsenide  and  a  halogallane. 

Among  the  compounds  prepared  are  the  first  examples  of  bis-  and 
tris(arsino)galIanes,  a  novel  gallium-arsenic  cluster,  and  the  first 
monomeric  tricoordinate  tris(arsino)gallane,  the  first  gallium-arsenic 
compound  containing  a  single  GasAs  unit,  and  the  first  organogallium  four- 
membered  ring  compound  with  arsenic,  halogen  mixed-bridging.  Dynamic 
NMR  studies  of  two  of  the  bis(arsino)gailanes  showed  they  have  novel 
fluxional  properties.  In  addition,  we  successfully  used  dehalosilylation 
reactions  to  prepare  gallium  arsenide  and  indium  arsenide. 


3 


2.0  Publications  and  Presentations  Describing  Results  Obtained 
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Tricoordinate  Gallium-Arsenic  Compound",  Inorg.  Chem.,  25.,  2483 
(1986). 

2.  R.  L.  Wells,  A.  P.  Purdy,  A.  T.  McPhail,  and  C.  G.  Pitt,  "Isolation  and 

Characterization  of  an  Organogallium-Arsenic  Cluster:  Crystal 

Structure  of  [(PhAsH)(R2Ga)(PhAs)6(RGa)4]  (R  =  Me3SiCH2)",  J.  Chem. 
Soc.,  Chem.  Commun.,  487  (1986). 

3.  R.  L.  Wells,  A.  P.  Purdy,  A.  T.  McPhail,  and  C.  G.  Pitt,  "Synthesis  and 

Crystal  Structure  of  the  Dimer 

Bis  { bis(trimethylsilylmethyl)arsinoldiphenylgallane } J.  Organomet. 
Chem.,  ins.,  281  (1986). 

4.  C.  G.  Pitt,  A.  P.  Purdy,  K.  T.  Higa,  and  R.  L.  Wells,  "Synthesis  of  Some 
Arsinogallanes  and  the  Novel  Rearrangement  of  a  Dimeric 
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Bis{bis[bis[(trimethylsilyl)methyl]arsino]chlorogallane}", 
Organometallics,  5.,  1266  (1986). 

5.  R.  L.  Wells,  A.  P.  Purdy,  K.  T.  Higa,  A.  T.  McPhail,  and  C.  G.  Pitt, 
"Synthesis  and  Characterization  of  a  Dimeric  Tris(arsino)gallane 
Containing  a  Nonplanar  (Ga-As)2  Ring:  Crystal  Structure  of 
{[Me3SiCH2)2As]3Ga]2}",  J.  Organomet.  Chem.,  325.  Cl  (1987). 

6.  A.  P.  Purdy,  R.  L.  Wells,  A.  T.  McPhail,  and  C.  G.  Pitt,  "Reactions  of 
(Me3SiCH2)2AsSiMe3  with  Gallium  Halides;  Crystal  Structure  and 
Dynamic  NMR  Study  of  the  Dimer  {[(Me3SiCH2)2Asl2GaBr)2", 
Organometallics,  6,  2099  (1987). 
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7.  R.  L.  Wells,  S.  Shafieezad,  A.  T.  McPhaii,  and  C.  G.  Pitt,  "The  First 
Gallium- Arsenic  Compound  Containing  a  Single  Gas  As  Unit:  Isolation 
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Chem.  Soc.,  Chem.  Commun.,  1987.  1823. 

8.  R.  L.  Wells,  A.  P.  Purdy,  A.  T.  McPhail,  and  C.  G.  Pitt,  "The  Twist-Boat 
Conformation  in  a  Gallium-Arsenic  Six-Membered  Ring:  Crystal 
Structure  of  [(Me3SiCH2)2AsGaBr2]3",  J.  Organomet,  Chem.,  354.  287 
(1988). 

9.  R.  L.  Wells,  C.  G.  Pitt,  A.  T.  McPhail,  A.  P.  Purdy,  S.  Shafieezad,  and  R. 
B.  Hallock,  "Use  of  Tris(trimethylsilyl)arsine  to  Prepare  Gallium 
Arsenide  and  Indium  Arsenide",  Chemistry  of  Materials,  1,  4  (1989). 

10.  R.  L.  Wells,  W.  K.  Holley,  S.  Shafieezad,  A.  T.  McPhail,  and  C.  G.  Pitt, 
"The  First  Organogallium  Four-Membered  Ring  Compound  with 
Arsenic.  Halogen  Mixed  Bridging:  Synthesis  and  Crystal  Structure  of 
Ph2GaAs(SiMe3)2Ga(Ph)2Cr',  Phosphorus,  Sulfur,  and  Silicon,  41,  15 
(1989). 

11.  R.  L.  Wells,  C.  G.  Pitt,  A.  T.  McPhail,  A.  P.  Purdy,  S.  Shafieezad,  and  R. 
B.  Hallock,  "The  Use  of  Tris(trimethylsilyl)arsine  to  Prepare  AlAs, 
GaAs  and  InAs.  The  X-Ray  Crystal  Structure  of 
(Me3Si)3 AsAlCl3*C7H8",  Materials  Research  Society  Symposium 
Proceedings,  131.  45  (1989). 

2.0.2  Papers  Presented  at  Meetings 

1.  R.  L.  Wells,  A.  P.  Purdy,  A.  T,  McPhail,  and  C.  G.  Pitt,  "Synthesis  and 
Characterization  of  Some  Organogallium-arsenic  Compounds",  ACS 
Meeting,  Miami  Beach,  FL,  1985,  INOR  26. 

2.  C.  G.  Pitt,  K.  T.  Higa,  A.  T.  McPhail,  and  R.  L.  Wells,  "Synthesis  and 
Crystal  Structure  of  Tris(dimesitylarsino)gallane,  a  Monomeric 
Tricoordinate  Gallium-Arsenic  Compound",  191st  National  Meeting  of 
the  American  Chemical  Society,  New  York,  NY,  1986,  INOR  347. 
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3.  C.  G.  Pitt,  A.  P.  Purdy,  K.  T.  Higa,  and  R.  L.  Wells,  "The  Use  of 
Silylarsines  to  Synthesize  Arsinogallanes",  presented  by  A,  P.  Purdy 
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4.  A.  P.  Purdy,  R.  L.  Wells,  A.  T.  McPhail,  and  C.  G.  Pitt,  "Reactions  of 
(Me3SiCH2)2AsSiMe3  with  Gallium  Halides;  Crystal  Structure  and 
Dynamic  NMR  Study  of  the  Dimer  {[(Me3SiCH2)2As]2GaBr}2",  paper 
presented  by  A.  P.  Purdy  (graduate  student)  at  Meeting-in- 
Miniature,  North  Carolina  Section,  American  Chemical  Society,  Duke 
University,  Durham,  NC,  1987. 

5.  R.  L.  Wells,  A.  P.  Purdy,  K.  T.  Higa,  A.  T.  McPhail,  and  C.  G.  Pitt, 

"Synthesis  of  a  Dimeric  Tris(arsino)gallane  Containing  a  (Ga-As)2 
Ring,  and  a  Trimeric  Mono(arsino)gallane  Containing  a  (Ga-As)3  Ring 
in  the  Twist-Boat  Conformation;  Crystal  Structures  of 

{[(Me3SiCH2)2As]3Ga}2  and  [(Me3SiCH2)2AsGaBr2]3",  Meeting-in- 
Miniature,  North  Carolina  Section,  American  Chemical  Society,  Duke 
University,  Durham,  NC,  1987. 

6.  R.  L.  Wells,  S.  Shafieezad,  A.  P.  Purdy,  and  C.  G.  Pitt,  "The  Use  of 
As(SiMe3)3  and  RAs(SiMe3)2  (R  =  Me3SiCH2  and  Mesityl)  to 
Synthesize  Organogallium- Arsenic  Compounds",  paper  presented  by 
S.  Shafieezad,  (post-doctoral  research  associate)  at  Meeting-in- 
Miniature,  North  Carolina  Section,  American  Chemical  Society,  Duke 
University,  Durham,  NC,  1987. 

7.  R.  L.  Wells,  A.  P.  Purdy,  S.  Shafieezad,  A.  T.  McPhail,  and  C.  G.  Pitt, 
"Use  of  Silylarsines  to  Prepare  Gallium-Arsenic  Compounds  with 
Unique  Structures",  39th  Southeast  Regional  Meeting,  American 
Chemical  Society,  Orlando,  FL,  1987,  28. 
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C.  G.  Pitt,  "Kinetic  Study  of  the  Reaction  of  (Me3SiCH2)2AsH  with 
PhsGa  via  NMR  Spectroscopy",  Meeting-in-Miniature,  North 
Carolina  Section,  American  Chemical  Society,  North  Carolina  State 
University,  Raleigh,  NC,  1988  (paper  presented  by  M.  L.  Stanley, 
undergraduate  student). 

9.  R.  L.  Wells,  W.  K.  Holley,  A.  T.  McPhail,  and  C.  G.  Pitt,  "The  First 
Organogallium  Four-Membered  Ring  Compound  with  Arsenic, 
Halogen  Mixed  Bridging:Synthesis  and  Crystal  Structure  of 
Ph2<iaAs(SiMe3)2Ga(Ph)2Cr,  Meeting-in-Miniature,  North  Carolina 
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Raleigh,  NC,  1988  (paper  presented  by  W.  K.  Holley,  post-doctoral 
research  associate). 
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Crystal  Structure  of  (Me3SiCH2As)5",  Meeting-in-Miniature,  North 
Carolina  Section,  American  Chemical  Society,  North  Carolina  State 
University,  Raleigh,  NC,  1988  (paper  presented  by  C.-Y.  Kwag, 
graduate  student). 

11.  R.  L.  Wells,  W.  K.  Holley,  S.  Shafieezad,  A.  T.  McPhail,  and  C.  G.  Pitt, 
"The  First  Organogallium  Four-Membered  Ring  Compound  with 
Arsenic,  Halogen  Mixed  Bridging:  Synthesis  and  Crystal  Structure  of 
Ph2CjaAs(SiMe3)2Ga(Ph)2^1",  Fifth  International  Symposium  on 
Inorganic  Ring  Systems,  Amherst,  MA,  1988  (paper  presented  by  W. 
K.  Holley,  post-doctoral  research  associate). 

12.  R.  L.  Wells,  C.  G.  Pitt,  A.  T.  McPhail,  A.  P.  Purdy,  S.  Shafieezad,  W.  K. 
Holley,  and  R.  B.  Hallock,  "The  Use  of  (Me3Si)3As  to  Prepare  Gallium 
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